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Ageing is associated with declines in both perception and cognition. We review evidence
for an interaction between perceptual and cognitive decline in old age. Impoverished
perceptual input can increase the cognitive difficulty of tasks, while changes to cognitive
strategies can compensate, to some extent, for impaired perception. While there is
strong evidence from cross-sectional studies for a link between sensory acuity and
cognitive performance in old age, there is not yet compelling evidence from longitudinal
studies to suggest that poor perception causes cognitive decline, nor to demonstrate
that correcting sensory impairment can improve cognition in the longer term. Most
studies have focused on relatively simple measures of sensory (visual and auditory)
acuity, but more complex measures of suprathreshold perceptual processes, such as
temporal processing, can show a stronger link with cognition. The reviewed evidence
underlines the importance of fully accounting for perceptual deficits when investigating
cognitive decline in old age.
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INTRODUCTION

It is well known that ageing is associated with declines in both perception and cognition. As we
age, there is increased need for perceptual aids such as glasses and hearing aids, and we start to
find cognitive tasks such as paying attention and remembering more difficult. It is possible that
perception and cognition decline in tandem due to common effects of ageing, but there is also
evidence to suggest that declines in perception and cognition impact on each other, both in the
short and long term (Figure 1). Here we review evidence that impoverished perceptual input can
increase the cognitive difficulty of tasks, while changes to cognitive strategies and processes can
compensate, to some extent, for impaired perception. We also review evidence that both visual and
auditory perceptual impairments are associated with a faster rate of cognitive decline, and consider
whether perceptual aids, such as hearing aids and glasses, can provide protection against cognitive
decline.

AGE-RELATED DECLINES IN HEARING, VISION AND COGNITION

The ability to hear faint sounds in a quiet environment deteriorates with age. Peripheral
hearing sensitivity, as measured by the audiogram, is impaired in around a third of 61-70 year olds
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FIGURE 1 | Diagram of the potential links between healthy ageing, auditory and visual perception, and auditory and visual cognition.

e

and almost two thirds of over-70 year olds (Davis, 1989;
Cruickshanks et al., 1998; Wilson et al, 1999). Ageing can
also affect suprathreshold auditory processing. Sensitivity to
temporal fine structure is impaired in older adults, even in those
with normal audiometric thresholds (Grose and Mamo, 2010;
Fiillgrabe, 2013; Fiillgrabe et al., 2015), as is sensitivity to changes
in the temporal envelope (Fiillgrabe et al., 2015).

Vision also declines in old age. As with hearing, many of
these changes are peripheral, and other changes affect central
processing. Hardening of the lens leads to presbyopia, which
makes it more difficult to focus on near objects. As well as age-
related eye diseases such as cataracts, glaucoma and macular
degeneration, healthy ageing is linked to a thickening and
yellowing of the lens (Said and Weale, 1959; Ruddock, 1965).
Ageing is also associated with changes in color perception
(Page and Crognale, 2005), temporal resolution (Wright and
Drasdo, 1985; Kim and Mayer, 1994; Culham and Kline, 2002),
visual acuity (Spear, 1993), motion perception (Snowden and
Kavanagh, 2006; Hutchinson et al., 2012), and a loss of fine detail
(high spatial frequency) pattern vision (Elliott, 1987; Pardhan,
2004).

Deficits in one sensory modality can sometimes be offset
through other senses, e.g., using visual speechreading to support
impaired hearing (Dickinson and Taylor, 2011), or increased
multisensory integration (Freiherr et al., 2013). This may be
limited in older age when both hearing and vision decline,
particularly as declines in vision and audition appear to be linked,
with higher than expected rates of dual-sensory decline (Dawes
etal., 2014).

Old age also brings decline in a number of cognitive abilities,
including working memory, memory, attention, and executive
control (Schaie, 1996; Hedden and Gabrieli, 2004). Cross-
sectional and longitudinal studies consistently find that ageing
is related to poor performance on tasks involving cognitive
control and switching, manipulation of information, visuospatial
processing, processing speed and more (for an extensive list
of studies, see Hofer et al., 2003). There are a number of
proposed explanations for this decline, including generalized

slowing (e.g., Salthouse, 1996) and dedifferentiation (e.g., Wilson
et al,, 2012). In this brief review, we focus on the role of sensory
function.

A number of cross-sectional, population-based studies have
demonstrated a link between (auditory and visual) sensory
impairment and poor cognition in old age (Lindenberger and
Baltes, 1994; Baltes and Lindenberger, 1997; Lin et al., 2004, 2011;
Tay et al., 2006; Moore et al., 2014), that does not simply reflect
the visibility or audibility of the task materials (Lindenberger
et al.,, 2001). The association between perception and cognition
is also present in younger adults, but is stronger in older
adults (Baltes and Lindenberger, 1997). While the evidence for
a link between perception and cognition is compelling, it is
not universally found. Two studies have found a link between
vision and cognition but not hearing and cognition (Anstey et al.,
2001; Gussekloo et al., 2005), one study failed to find a link
between hearing and cognition (Gennis et al., 1991), and one
found no link between visual or auditory function and cognition
in a narrow-age cohort sample of 75 year olds (Hofer et al,
2003).

The majority of studies that have attempted to link sensory
and cognitive decline have used only visual (or auditory) acuity
as a proxy for more general perceptual decline (e.g., Anstey et al.,
2001; Hofer et al., 2003). If a common factor underlies age-related
changes in performance, then we would expect changes to also
affect more central, suprathreshold perceptual skills. However,
few studies have used more higher order, cortical measures
of perception. Humes et al. (2013) used an index of temporal
sensory processing and found a clear link to performance
on temporal cognitive tasks. Glass (2007) found that visual
contrast sensitivity was a better predictor of performance in
cognitive tasks with unfamiliar, multiple or complex stimuli than
simple stimuli. These results suggest that going beyond simple
sensory acuity may reveal a more direct link to cognitive task
performance.

Various hypotheses have been proposed to account for the
link between perception and cognition (Table 1; see Wayne and
Johnsrude, 2015 for a recent review of these hypotheses in the
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TABLE 1 | Proposed hypotheses for the link between perceptual and
cognitive decline in old age.

Hypothesis Description

Common cause A third, general factor underlies the decline

in both perception and cognition

(Lindenberger and Baltes, 1994;

Baltes and Lindenberger, 1997).

Poor cognition results in poor

performance on perceptual tests

(Lindenberger and Baltes, 1994).

Impoverished perceptual input impacts

on performance on cognitive tasks

(Schneider and Pichora-Fuller, 2000).

Over time, impoverished perceptual input leads
to cognitive decline (Lindenberger and Baltes,
1994).

Cognitive load on perception

Information degradation

Sensory deprivation

Note that these hypotheses are not mutually exclusive.

auditory modality). Here we consider both vision and audition
as well as possible effects of compensatory cognition.

EFFECTS OF AGEING INFLUENCE BOTH
PERCEPTION AND COGNITION
(“COMMON CAUSE”)

Sensory systems are subject to the same molecular and cellular
processes as the rest of the body and as such, any general age-
related change will affect both sensory and cognitive mechanisms
(e.g., Pathai et al., 2013). Cardiovascular risk factors, for example,
are associated with both hearing loss (Shargorodsky et al., 2010)
and cognitive decline (Knopman et al., 2001).

The link between sensory and cognitive impairment is
typically found after adjusting for age, suggesting that it is not
simply an effect of general ageing. In a detailed study, Humes
et al. (2013) found that the link between age and cognitive
function was entirely mediated by sensory function, based on a
composite measure of auditory, visual and tactile perception. It
therefore seems that while common effects of ageing do affect
both perception and cognition, it is likely that perception and
cognition directly impact on each other (Figure 1).

POOR COGNITION AFFECTS
PERFORMANCE ON PERCEPTUAL TASKS
(“COGNITIVE LOAD ON PERCEPTION”)

Perception and cognition are highly interrelated, such that even
measures that might be considered to be entirely sensory, such as
the audiogram, have been shown to be influenced by cognition
(Zwislocki et al., 1958). More complex perceptual tasks are likely
to be more strongly influenced by the participant’s cognitive
abilities. While it is important that researchers consider the
impact of cognition on their perceptual measures, it seems
unlikely that poor cognition drives purely perceptual decline.
Schneider and Pichora-Fuller (2000) report empirical evidence
of this, based on a study that showed age-related impairment
for some perceptual tasks, but not others, despite cognitive
demands being held constant across conditions (Pichora-Fuller

and Schneider, 1991). In contrast, there is strong evidence that
cognition has a compensatory role in adapting to impaired
perception (see below and Figure 1). A more likely causal link
between perception and cognition suggests that impoverished
perceptual input impacts on cognitive function, both directly and
in the longer term.

IMPOVERISHED PERCEPTUAL INPUT
DIRECTLY IMPACTS COGNITIVE
RESOURCES (“INFORMATION
DEGRADATION”)

When the perceptual signal is poor, either through degraded
stimuli or impaired perception, additional cognitive resources
are required to decipher the signal. For example, cognitive
load in listening tasks, as measured by the pupil response, is
higher for those with hearing loss (Zekveld et al.,, 2011). This
leaves fewer cognitive resources available for performing the
cognitive task. A number of studies have demonstrated that
recall of target words is impaired if the words are degraded,
either through the addition of noise or hearing impairment,
even when ensuring that the words can still be identified (e.g.,
Rabbitt, 1968, 1991; Pichora-Fuller et al., 1995; McCoy et al,,
2005; Tun et al, 2009; Ng et al, 2013). This is generally
considered to be evidence that the additional effort required
to decode degraded stimuli takes up cognitive resources that
would otherwise be involved in encoding and rehearsal (Rabbitt,
1968, 1991). Similar effects are found in young and older adults,
and it is not yet clear whether ageing confers an additional
deficit, over and above that of perceptual loss. Several studies
have confounded age and hearing impairment by comparing
young, normally-hearing adults with older, hearing-impaired
adults (e.g., Pichora-Fuller et al, 1995; Mishra et al,, 2014).
Verhaegen et al. (2014) found that young and older adults with
matched hearing impairment showed similar recall performance
on a verbal short-term memory task, which was worse than
that found in young adults with normal hearing. On the other
hand, the link between working memory capacity and speech-
in-noise perception has been shown to be weaker for young
adults than normally-hearing older adults (Fiillgrabe and Rosen,
2016) who differed in their sensitivity to temporal-fine-structure
information (Fiillgrabe, 2013).

Recently there has been a concerted effort to describe and
quantify the loss of cognitive resources when the perceptual
input is degraded (Rudner and Lunner, 2014). This includes
development of a “cognitive spare capacity” (CSC) test (Mishra
et al., 2013), which is a measure of auditory working memory
incorporating both storage and executive processing. Using this
task under a variety of listening conditions, Mishra et al. (2014)
found that older, hearing-impaired adults had similar CSC to
young, normally-hearing adults when listening conditions were
optimal. This again suggests that task difficulty in old age can
relate to sensory, rather than cognitive, impairment.

It is worth noting that all of the above evidence comes
from auditory studies; the impact of impoverished visual
input on visual cognition has been less thoroughly explored.
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Visual sensory quality has been suggested as an explanation
for age-related changes in performance of the Stroop task
(Ben-David and Schneider, 2009, 2010), providing a sensory
explanation for what has previously been considered a change in
(cognitive) inhibition.

There is also evidence that hearing impairment affects
performance on visual tasks. Ronnberg et al. (2014) found
that older adults with hearing loss had worse performance
on visuospatial short- and long-term memory (LTM) tasks.
Similarly, an earlier study found a link between hearing loss
and LTM function when the LTM task required motor encoding
(Ronnberg et al., 2011). These findings point to more general
effects of sensory loss than simply increasing the difficulty of
cognitive tasks. Ronnberg et al. (2011) hypothesize that LTM
representations are used less by people with hearing loss due to
a mismatch between the input signal and the stored signal, and
that this disuse leads to a decline in LTM over time.

SENSORY IMPAIRMENT LEADS TO
COGNITIVE DECLINE (“SENSORY
DEPRIVATION”)

A handful of longitudinal studies have shown that impaired
perception is associated with cognitive decline, providing
support for a causal link between perceptual and cognitive
decline over time (Lin et al, 2004, 2013; Ghisletta and
Lindenberger, 2005). For example, women with impaired
(corrected) vision at baseline had a faster rate of cognitive decline
over a 4 year period than those without visual impairment
(Lin et al.,, 2004). In addition, Lin et al. (2013) found that
poor hearing at baseline was associated with a higher rate of
cognitive impairment and a faster rate of cognitive decline over
a 6 year period. In contrast, Anstey et al. (2001) found a link
between visual, but not auditory, decline and cognition over a
2 year period, and Valentijn et al. (2005) found that although
there was a link between perceptual and cognitive decline, there
was no convincing evidence that baseline auditory and visual
acuity predicted cognitive decline over the following 6 years.
The current evidence is therefore mixed, but it is important to
note that only the effects of peripheral sensory changes, such as
acuity, have been considered. There appears to be a stronger link
with cognition when measures of perception go beyond simple
sensory acuity (e.g., Humes et al., 2013).

Several plausible mechanisms have been proposed to explain
how impaired perception could lead to worsening cognition over
time (e.g., Lin et al., 2013). One possibility is that poor perception
leads to social isolation (Strawbridge et al., 2000), which in turn
leads to cognitive decline. However, Dawes et al. (2015) found
that while hearing-aid use was associated with better cognition,
this was not mediated by social isolation.

A further possibility is that performance on cognitive tasks
is reduced by the ongoing effort from sensory deprivation
(cf. Ronnberg et al, 2011). In this case, the ongoing
effort puts a strain on cognition, which eventually leads
to performance breakdown. This hypothesis predicts that
short-term improvements in stimulus quality (or perceptual

abilities) will have limited effectiveness, but that longer-term
improvements in perception will help maintain cognition.

There is not yet convincing evidence to suggest that hearing
aids or glasses offer protection against cognitive decline.
Hearing-aid use is generally associated with better cognition
(Lin, 2011; Ronnberg et al., 2014; Dawes et al., 2015), but it is
possible that the people who seek treatment differ from those
who do not, both cognitively and functionally. Two studies have
shown no cognitive benefit from cataract surgery (Hall et al.,
2005; Valentijn et al., 2005) or hearing aids (Valentijn et al,
2005). A randomized controlled trial of hearing-aid use showed
a positive change in communication, social and emotional
function, and depression, but no longer-term improvement
in cognition (Mulrow et al., 1990, 1992). There is therefore
no compelling evidence that correcting for peripheral sensory
deficits improves cognition.

COGNITION CAN COMPENSATE FOR THE
EFFECTS OF IMPOVERISHED
PERCEPTUAL INPUT

While a lack-of-use explanation may account well for effects
of poor perception on memory function, it is less clear how
this might extend to other cognitive skills such as executive
control. It has been widely established that older adults use
compensatory cognitive strategies to deal with, among other
things, impoverished perceptual input. It is not yet clear if
perception-related cognitive decline occurs as a function of the
increased cognitive demands, or despite them.

Older adults can engage compensatory cognitive processes in
order to perform at a similar level to younger adults. This is
reflected in different patterns of cortical activity (Reuter-Lorenz
and Lustig, 2005) and is associated with better performance
compared to older adults who show less compensatory activation
(Cabeza et al., 2002). For example, when listening to speech,
older adults showed reduced activation in auditory cortex,
but increased activation in prefrontal and precuneus regions
associated with working memory and attention (Wong et al,
2009). The increased activation in cognitive regions was
associated with better behavioral performance, although older
adults were still at a disadvantage relative to younger adults when
the signal-to-noise ratio was unfavorable.

Few studies have investigated the direct effect of sensory
degradation on compensatory mechanisms. There is some
evidence that increasing the difficulty of encoding the perceptual
task can lead to increased compensatory activity. For example,
Schulte et al. (2011) manipulated perceptual and cognitive
demands in a match-to-sample Stroop task. Older adults
showed a different pattern of fronto-parietal and visuomotor
activation, indicating recruitment of additional regions to cope
with increased cognitive and perceptual difficulty. This suggests
that increasing visual complexity increases the requirement for
compensatory activity.

Recruitment of additional cortical regions is usually linked
to maintained performance on cognitive tasks (e.g., Schulte
et al,, 2011). As task difficulty increases, however, performance
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can collapse. In a letter memory task, older adults had
similar performance to younger adults, but showed widespread
additional cortical activations (in comparison to younger
adults). As task difficulty increased, younger adults also showed
these additional activations. At the highest task difficulty
the performance of older adults declined, as did their brain
activations (Schneider-Garces et al., 2010). This is consistent with
a peak or ceiling for performance, which falls with age. The longer
term consequences of repeatedly reaching this ceiling are not yet
clear.

CONCLUSIONS AND FUTURE
DIRECTIONS

There is clear evidence for a link between perception and
cognition in old age, in terms of both their impact on task
performance and their age-related decline. While there are
clearly common and general factors acting on both sensory and
cognitive decline, there also appears to be a more direct link
between impaired perception and cognitive decline. Degraded
input leads to a higher load on cognition, reducing resources
available for cognitive processing. It has been proposed that, over
time, this sensory deprivation leads to cognitive decline. At the
same time, compensatory processes have been shown that allow
people to ameliorate the effects of age-related perceptual decline.

There is therefore something of a paradox, that while staying
cognitively active can protect against cognitive decline in old
age (Hultsch et al., 1999), needing to be more cognitively active
to overcome poor perceptual input is associated with cognitive
decline. It should be noted that the majority of evidence for
the sensory deprivation hypothesis comes from the auditory
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